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SUMMARY

A method is described for the determination of anisotropy of large.scale
ionosphere irregularities according to the results of measurements of irregular
radioastronomical refraction in three directions,

General effective formulas are obtained for the computation of parameters
of the anisotropy ellipse and of its orientation, W

*
* *

We shall consider the problem of determination of anisotropy of large-scale
ionospheric irregularities by the results of simultaneous measurement with the
help of radiointerferometers of the irregular radioastronomical refraction Ry
in three directions. The geometrical thickness Ly of the layer responsible for
the oscillation of refraction and the amplitude of its disturbances hg are as-
sumed to be small by comparison with the dimensions d of the irregularity in
the plane of the layer, the perturbation function ¢ being a smooth periodical
function,

Obtained earlier [i] was the dependence of the vertical component B wave *
on the gzenithal angle z of the observed source for two irregularity models:

the lenticular (1) and the sinusoidal (2),

R: Maxe — 2ﬂAho/ dn COSz(lo, (1)
R: MaKe =/ LoAho\b::axc sin 0-0/ cos’ag, 2)

where @ is the angle between the direction to the source (by the ray) and the
normal to the layer, wh reupon sinag=[R/ (R + h) ] sinz, R being the radius
of t:he Earth, and h the altitude of the layer, Utilizing the measured values

of Rumaxe , it is “easy to obtain from (1) and (2) the dimensions (periods) of
the lrregularlties for the two indicated models in the plahe of the azimuthal cir.
cumference of radiointerferemeter's base, Taking into account that " = 4n?/d?,

we have

b stands in text and formulas for RH nax




T
\
\\:
< 2 .
2nlAhy —t
dy = costa R:uaxc, (14) .
de = 27t (LoAhy sin as/cos’ao) ' RE mixe, (21)

(1') and (2') are applicable for the computation of dimensions only in the azi.
muthal plane of the base, It is obvious, however, that for an arbitrary measure.
ment plane M, passing through the ray and the base, the dependence of d on

RH max has the same form: -

2nAh
dn = = P R?mn«cs 3)
cos?a
ds = 2x(LAh sin a/cos’a) By . (4)

Here L and Ah are respectively the thickness of the layer and the amplitude of
perturbations in the plane M; @ is the angle between the ray and the radius of the
circle formed by the cross.section by the plane M of the spherical layer contain.
ing the irregularities., Let us express L, Ah and a by means of the following
parameters: Lg, Aho, R, h, and also A, 2, respectively the azimuth and the ze.
nithal angle of the source and Ag4, 6, the azimuth and the angle of the site of
radiointerferometer's base, Let us consider the cross section of the layer and the
Earth by the plane M (Fig.l). Here ¢ is the radius of the circle formed by the
cross section of the Earth; r is that of the layer; { 1s the distance between the
point of observation C and the point of encounter of the ray with the layer S;
z' is the zenithal angle of the plane M, Taking into account that Ly<<h and
A 'k we shall write for L and AR :

h‘0<h’ L_—_.—Lo/cOSx, Ah=: AhOICOSXv

where siny = [R /(R + k)] sin 2",

After simple transformations we shall
obtain for Ah and LAh

Ah = K(K? — sin? z’) ~'"4Ah,, (5)
LAh = K2(K2—sin? z’)~1LoAhy, (6)

where

K= (R+h)/R.
For a we have
cosa = (P+R—p2)/2r. ¢
From the sketch of Fig.,l we find
p = Rcos 2/, (8)
r = R(K? — sin®z')", 9)
1 = R[(K® — sin?z)""—cosz].  (10)

Substituting (8), (9) and (10) into (7), we obtain after fairly simple trans.
formations

Fig.1

cosa = ((K3 —tsin2 z) | (K2 —sin2z’))%. 1)

Then, substituting (5) and (1) into (3), (6) and (11) into (4), we shall




have for the dimensions of lenticular and sinusoidal irregularities respectively

dy ~ (K2 — sin® 2’) Ry saxe, (12)
de ~ (sin®z — sin?z") "Ry e (13)

The irregularities' anisotropy ellipse is determined by their relative dimensions
in three directions, which allows to drop in (12) and (13) the factors not de.
pending on the orientation of the measurement plane M (i.e.,on the angle z'),
and consequently, general for all the three radiointerferometers at simultaneous
measurements of Ry yay DY & singie source, Note that the eccentricity and the
orientation of the anisotropy ellipse depend essentially on the selection of the
model of irregularities, as this follows from (12) and (13),

We shall determine the angle 2z' by the current horizontal coordinates of
the source A, z and the azimuth A¢ and the angle of site of radiointerferome-
ter's base 0, We shall convene, at the same time, to count the azimuth from South
through West, as is customary in astronomy; we shall consider for the positive di.
rection of the base that of its upper end (Fig.2). From the two spherical tri.
angles DFG and FGH, formed by the azimuthal circles of the base, the source and
the plane M* and the cross section of the sphere by the plane M, we have

sinz’ = sinzctgE, (14)
ctg E = (sin ztg 8 — cos z cos A4) [ sin A4, (15)

where ‘AA=A —As ., Resolving (15) relative to sinE and substituting the
value thus found into (14), we shall obtain for sinz!'

sinz — sinzcos@sin AA
" [1—(sinzcos B cos AA+coszsin6) 74

For the computation of the azimuth A4 dimension at the point of encounter
of the ray with the layer S we shall con. 2
sider the two triangles (Fig,l) formed by
the meridians of the point of observation
and of the point S by the azimuthal circle
of the source (arc a) and the azimuthal
circles of the plane M at the point of ob.
servation (arc b) and at the point S
(see Fig.1), Here O 1is the central pro-
jection on Earth of the center of the cross
section circles by the plane M, of the Earth
and the layer; @ is the latitude of the point
of observation; Ag is the azimuth of the ray
at the point S, Taking into account that at Fig, 2
the point S the angle between the azimuthal
circle of the plane M and the cross.section
of the layer by this plane is a right angle, we shall write for Ay

Ad=A3_Bi90°, (16)

* We define as the azimuthal plane of the plane M the plane normal to M
and passing through the zenith at the given point,




We find Ag from HCNB:
ctg 4, = (sinatgy + cosacos A) /sin A,

7
where I
sing = RTh sin z. (18)
Substituting the value of [ from (10 and (18), we shall obtain
. 1 . . .
smq= §51nz{(K2-—51n2z)'/=—cosz]. 19
We shall find the angle B from the triangle OCB
cos B = (cos b — cos c cos a) [ sin ¢ sin a, (20)
where
cos b == sinz; (21)
. r 1 . ",
Sin ¢ = R+h=—K—(K‘—smzz’)’.' (22)
s¢ = 1 sinz’
cose=rgomne- (23)

Substituting (19), (21), (22), (23) and the value of cosa computed in (19)
into (20) and effecting simple transformations; we obtain

cos B — sin 2/ .(Kz—-sin’z)'h 24)
~ sinz \K?2—sin®z’
THE END
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